Abstract Aminotransferase assay is often used as a screening test as well as an endpoint for resolution of disease in nonalcoholic fatty liver disease (NAFLD). Aim of the study was to evaluate the relationship of transaminase level with metabolic variables and histology in NAFLD. Single center observational study was conducted in a gastroenterology clinic at Cuttack in coastal Odisha. Subjects were consecutive patients presenting with functional bowel disease and undergoing abdominal sonography. All participants were evaluated for the presence of metabolic syndrome (MS), insulin resistance, liver function test and lipid profile. Various parameters were compared between NAFLD subjects and controls. 53.5 % of NAFLD had normal serum transaminases, whereas 20.8 % of healthy controls had transaminitis. NAFLD patients had significantly higher BMI, fasting plasma glucose, serum transaminases, serum triglycerides, serum insulin and homeostatic model assessment (HOMA) IR than controls. NAFLD patients who had transaminitis had significantly higher incidence of MS and higher mean HOMA IR than those without. There was no significant difference in histopathological features between NAFLD with and without transaminitis. To conclude, over half of NAFLD subjects do not have transaminitis while transaminitis is present in a fifth of healthy people without fatty liver. Hence serum transaminase should not be used as screening test for NAFLD. NAFLD patients with transaminitis had a higher incidence of MS and insulin resistance than those without. However, there was no significant difference in histopathological features between these two groups.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) has now emerged as the commonest cause of chronic liver disease worldwide [1, 2] . Population based prevalence of NAFLD varies from 30 to 40 % in men and 15 to 20 % in women in the west [2] . A higher prevalence has been observed in people who have type 2 diabetes mellitus (T2DM) i.e., up to 70 % [3] . In coastal eastern India, one fourth of the general population have evidence of fatty liver on routine ultrasonographic screening [4] . NAFLD encompasses a wide histological spectrum, which ranges from simple benign macro-vesicular steatosis to non-alcoholic steatohepatitis (NASH), NASH related liver cirrhosis, portal hypertension and ultimately hepatocellular carcinoma [5, 6] . Besides, patients of NAFLD also suffer from several extra-hepatic chronic complications including atherosclerosis and a high cardiovascular risk [7] . NASH, which is the more severe entity in the spectrum must be distinguished from the benign simple fatty liver. The former is more commonly associated with liver related (cirrhosis, end stage liver disease and hepatocellular carcinoma) and extra-hepatic (cardiovascular diseases) morbidity and mortality than the latter [8, 9] . Till date, liver biopsy, which is an invasive procedure and has several limitations [10] , is the gold standard for diagnosis of NASH [11] . Currently, a lot of importance is being given to the levels of transaminases in assessment of liver diseases [12] . Besides, elevated level of aminotranferases in liver function test is also a very common reason for referral of patients to gastroenterology and/or hepatology clinics. Diagnosis of NAFLD is based on abnormal serum aspartate transaminase (AST) and alanine transaminase (ALT) in most of the studies [13, 14] . Previous studies have shown that a non-linear correlation exists between the level of ALT elevation and the histopathologic severity or grade of NAFLD [15, 16] . Similarly, in some studies, it has been demonstrated that higher ALT levels carried a higher risk of NASH [17] . On the contrary, there are several series which indicate patients with normal ALT can have histological features of NASH [18] . Further, in the last couple of decades some researchers have debated regarding the upper limit of normal level of serum transaminases. In 2002, Prati et al. [19] proposed a revision of the upper limit of normal of the serum transaminases to a lower level (30 in males and 19 in females). However, it has not been accepted universally among the hepatologists worldwide. As a result, there is ongoing controversy regarding the cut off for serum aminotransferases, at which a patient must be referred for liver biopsy to exclude NASH.
We conducted this study with an aim to explore the profile of liver enzymes in patients with NAFLD in eastern India, and also look at the possibility of histopathological correlation, if any, with the transaminase levels.
Subjects and Methods
This was a single center observational study conducted in a gastroenterology clinic at Cuttack in coastal Odisha. The subjects were the consecutive outpatients who attended the gastroenterology clinic during the period from January 2012 to August 2015.
Inclusion Criteria
Cases: Consecutive outpatients who presented with functional abdominal pain (ROME III criteria) [20] , functional dyspepsia (ROME III criteria) [21] and/or irritable bowel syndrome (ROME III criteria) [22] who had fatty liver on ultrasonography were included in this study. These participants were in good health and with no abnormal findings on general and systemic physical examination, blood count, and trans-abdominal ultrasonography except for fatty liver.
Controls: Consecutive healthy individuals with functional abdominal pain (ROME III criteria) [20] , functional dyspepsia (ROME III criteria) [21] and/or irritable bowel syndrome (ROME III criteria) [22] who had normal liver on trans-abdominal sonography were the controls for the study.
Exclusion Criteria
Patients with organic gastrointestinal disease diagnosed either clinically or by ultrasonography or gastro-intestinal endoscopy were excluded. Participants who had history of alcohol consumption exceeding 20 g/day, subjects with other liver diseases (hepatitis viruses A to E, autoimmune disease, Wilson's disease) and those on drugs which can induce fatty liver or insulin sensitization such as estrogens, amiodarone, methotrexate, tamoxifen, glitazones and metformin were also excluded from the study.
An informed consent was taken from each participant. Detailed anthropometric assessment including measurements of weight, height, and waist circumference (WC) and hip circumference (HC) were done. The WC was measured at a level midway between the lowest rib and the iliac crest and HC at the level of the great trochanter. Body mass index (BMI) was calculated as weight (kg)/height 2 (m 2 ). The measurements of fasting plasma glucose (FPG), post-glucose plasma glucose (PGPG), serum triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol and liver function tests were performed by standard laboratory methods. Serum insulin was estimated by electrochemiluminescence method by using standard kit (Roche-Diagnostics, USA) with autoanalyser Elecsys 2010 (Roche-Hitachi, Japan). Insulin Resistance (IR) was calculated using the homeostatic model assessment (HOMA) method using a mathematical model derived from FPG and plasma insulin. The value of HOMA was calculated by the following equation: [fasting insulin (lU/ml) 9 FBG (mg/ dl)]/405, and depicted as HOMA-IR value [23] .
Trans-abdominal ultrasonography was performed to detect fatty changes in the liver. Fatty liver was defined as per the standard criteria accepted by the American Gastroenterology Association [24] i.e., an increase in liver echogenicity with renal echogenicity as a reference, the presence of enhancement and lack of differentiation in periportal intensity and vascular wall due to hyperechogenicity of the liver parenchyma.
The ATP III criteria [25] was used for diagnosis of metabolic syndrome (MS) in the study subjects (Table 1) . Presence of more than two of the five criteria were needed to be present for diagnosis of MS. The cut off values for waist circumference used were 80 cm for males and 90 cm for females as per the Asian population criteria [26] . Other parameters were fasting plasma glucose C110 mg/dl, blood pressure C130/85 mmHg or treatment with antihypertensives drugs, serum HDL cholesterol \40 mg/dl for males and \50 mg/dl for females and serum triglycerides C150 mg/dl or patients who are on treatment with hypolipidemic agents.
Liver biopsy was performed in 216 NAFLD patients who gave consent for the same. Liver biopsy was done using Bard Biopsy Gun 16 G, through the inter-coastal approach. The grading and staging of liver histopathology was done by pathologists according to the classification proposed by Kleiner et al. [27] using necroinflammatory activity for grading of NASH.
This study was approved by the institutional ethics' committee of Kalinga Gastroenterology Foundation, Cuttack.
Statistical Analysis
Normally distributed continuous variables were expressed as mean ± SD. Student's t test for unpaired data was used to compare the groups when the variables were normally distributed. Chi square test was used to compare differences between categorical variables. All calculations were performed in the statistical software, SPSS version 16. p value of \0.05 was taken as significant.
Results
1637 consecutive patients were screened for the study out of which 597 were excluded as per the exclusion criteria (Fig. 1) . Finally after exclusion, a total of 1040 subjects were enrolled for the study. 800 were males and 240 females. 939 subjects had ultrasonographic evidence of fatty liver. The remaining 101 had normal abdominal transabdominal sonographic scans and were taken as controls of the study. The sex distribution of the subjects with NAFLD and controls is depicted in Table 2 . Table 3 shows the baseline characteristics of the NAFLD subjects and these have been compared with that of controls in Table 4 . NAFLD subjects were older and had significantly higher BMI, FPG and triglycerides than the controls. Serum HDL was comparable between the two groups (p = 0.239), but serum AST and ALT were significantly elevated in NAFLD. Further, subjects with NAFLD were more insulin resistant than controls.
Serum transaminitis (either AST or ALT greater than 40 U/l) was observed in 46.5 % of patients in NAFLD whereas only 20.8 % of controls had the same (Table 5) . We compared the baseline characteristics of NAFLD patients with or without transaminitis ( Table 6 ). Patients with transaminitis were younger, had lower BMI, marginally lower FPG and higher GGT. All the remaining biochemical features were comparable in both groups (NAFLD with and without transaminitis).
On comparison of mean serum transaminases in various BMI groups no significant difference was observed ( Table 7 ). The majority of the NAFLD (47.5 %) had a BMI between 25 and 29.9 i.e., grade 1 obesity.
Liver biopsy was done in 216 NAFLD patients. The histopathological features were compared between patients of NAFLD with and without transaminitis ( Table 8 ). There was no significant difference in any of the histopathogical features (steatosis, ballooning, lobular inflammation and fibrosis) between the two groups.
Presence of metabolic syndrome was detected by modified ATP III criteria [25] with Asian cut off for waist circumference [26] . Metabolic syndrome was present in 441 NAFLD patients (Fig. 2) . Mean serum AST, ALT and mean HOMA IR were compared between NAFLD patients with and without metabolic syndrome (Table 9 ). NAFLD subjects with metabolic syndrome had significantly higher mean AST (44.8 ± 26.5 vs 29.1 ± 12.8, p \ 0.001), ALT (62.8 ± 39.0 vs 35.7 ± 22.3, p \ 0.001) and HOMA IR (3.07 ± 1.95 vs 2.02 ± 1.31, p \ 0.001) than those without.
Discussion
NAFLD has been found to have a strong association with raised AST and ALT [28] [29] [30] [31] [32] and it is one of the most common causes of unexplained mild elevation of serum transaminases [33, 34] . Along with the growing pandemic of obesity [34] , the prevalence of NAFLD is steadily increasing and has now become a major global health burden [35] . Consequently, NAFLD is considered as the first differential diagnosis of unexplained ALT elevation (after exclusion of viral hepatitis, drug induced liver injury and excessive alcohol intake). ALT and AST are markers of liver injury, and described as a useful surrogate measure of NAFLD. A definite but nonlinear relationship has been found to exist between serum transaminases and histological severity of NAFLD in several studies [15] . Hence patients with NAFLD and transaminitis are subjected to further work up to rule out NASH, the more severe entity of the NAFLD spectrum. In our study, patients with NAFLD had higher BMI, higher FPG, higher serum triglycerides, lower serum HDL, higher serum AST and ALT, higher serum insulin and insulin resistance (HOMA IR) than controls (Tables 3, 4) . Most of the previous studies too have shown that NAFLD is increasingly associated with obesity [36, 37] , hyperglycemia [37, 38] , dyslipidemia [39] , high serum AST and ALT [13, 14, 32, 33] . Apositive correlation between insulin resistance and higher grades of NAFLD, rather than the degree of hyperglycemia in type 2 diabetes mellitus patients has been earlier demonstrated by Das et al. [40] . The mean AST and ALT in NAFLD subjects was 36.4 ± 21.9 and 48.4 ± 34.0 respectively. Most earlier studies reported that NAFLD is frequently associated with elevated serum transaminases [4, 41, 42, 43] . However, studies which are population based have shown that patients with NAFLD can have normal AST and ALT [18, 44, 45] . The subjects of our study were people attending a gastroenterology outpatient clinic and the mean values of serum transaminases were a little higher (Table 10 ).
The comparison of the distribution of subjects with metabolic syndrome in NAFLD patients with and without transaminitis revealed that elevated serum AST or ALT predisposes an individual to greater risk for metabolic syndrome (Fig. 2 ). This appears consistent with the finding of serum ALT as an independent predictor of coronary events including all-cause mortality, incident cardiovascular disease and coronary heart disease events [46] . NASH patients have higher risk for liver and non-liver related mortality than patients with simple steatosis. However, it is not possible to perform liver biopsy in every patient of NAFLD due to its high incidence. Hence it is important to stratify the NAFLD population and identify which subgroup needs more attention and regular follow up. NAFLD patients with transaminitis and higher values of HOMA IR are more prone for metabolic syndrome and hence cardiovascular disease. In our study, we found that 20.8 % of our controls had elevated serum transaminase. This phenomenon has however been a common observation by many other researchers too. Tazawa et al. [47] reported abnormal serum ALT test in 24 % children; however of them only 64/77 (83 %) had fatty liver on ultrasound; remaining 17 % did not have any ultrasonographic evidence of fatty liver or other liver disease. Serdaroglu et al. [48] too reported idiopathic hypertransaminasemia in 6.4 % subjects. In fact in a study by Ç eltik et al. [49] the idiopathic rate was as high as 27.1 %. Iorio et al. [50] too reported idiopathic hypertransaminasemia in 31.7 % subjects. However, there is a possibility that this may have been due to conditions like celiac disease or occult hepatitis B/hepatitis C viral infection which were missed by routine investigations. Duodenal mucosal biopsy and serum tissue trans-glutaminase are needed to exclude celiac disease which has been known to cause asymptomatic elevation of serum transaminases in 3-4 % of cases of unexplained transaminitis in the West [51] . However, since celiac disease is extremely rare in our setting [52] , these tests were not done. The prevalence of hepatitis B [53] and C [54] too is very low in Odisha. Hence, only exclusion of these infections by HBsAg and Anti-HCV assay by ELISA were performed for them. HBV DNA and HCV RNA were not tested for in our patients. By doing these tests we might have unearthed these as possible causes in only around 2-3 % of cases. Finally it would have been unethical to perform liver biopsies in these patients merely to diagnose asymptomatic NASH in a few of them.
We observed that in our study, patients with transaminitis were younger, had lower BMI, marginally lower FPG and higher GGT. However this is not unique to this study. In fact, similar findings have been reported in several previous studies. In a study by Adams et al. [6] , baseline clinical and laboratory features were compared between NAFLD patients who underwent biopsy and those who did not. In this study, patients who were subjected to liver biopsy had lower BMI (32.6 ± 7.4) than others (33.5 ± 5.9) despite higher transaminase (AST: 69 ± 82 U/l vs 48 ± 43 U/l; p = 0.10). Singh et al. [4] too in their study found that patients with NASH had lower In another study from our center, NAFLD patients without insulin resistance (HOMA IR \ 2) were younger with lower BMI, higher serum AST and ALT levels as compared to those with insulin resistance (HOMA IR C 2) [55] . Further studies are necessary to explain this paradoxical observation.
There are several limitations of this study. Being an observational study it is not devoid of selection and confounding bias. Also there may have been a selection bias for patients undergoing liver biopsy. Subjects with more severe higher serum transaminases and insulin resistance may have been more often referred for liver biopsy. However, over half of the patients who underwent liver biopsy had normal transaminase values. Besides it is believed that trans abdominal ultrasound which was used as the screening test for fatty liver reliably diagnoses NAFLD only if steatosis is [33 % and patients with mild steatosis \33 % can be missed by sonography.
Conclusion
Despite the older belief that NAFLD is frequently associated with transaminitis, our study showed that more than half (53.5 %) of NAFLD subjects had normal serum transaminase levels, while paradoxically transaminitis was observed in one fifth (20.8 %) of normal healthy controls without fatty liver. Hence, serum transaminase level alone should never be used as a screening test for NAFLD, otherwise a huge proportion of patients will be overlooked resulting in significant underestimation of the prevalence of fatty liver. However, although NAFLD subjects who had serum transaminitis were more insulin resistant with higher incidence of metabolic syndrome than those without, there was no significant difference in histopathological features between NAFLD with and without transaminitis. Therefore, although the presence of raised serum transaminase in patients of NAFLD indicates a higher metabolic risk, it is not a reflection of the degree of hepatic necro-inflammation. Besides, this also raises the possibility that hitherto unknown extra-metabolic factors, most likely the gut microbiota, might be influencing the degree of hepatic disease.
